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FOREWORD

The tests reported herein were requested and funded by the Department
of the Havy, ilaval Ship Systems Command. The tests were conducted during
llovember 1969 at four sites in south Louisiana by personnel of the U. S.
Army Engineer Waterways Experiment Station (WES), Vehicle Studies Branch,
under the general supervision of Messrs. W. G. Shockley and S. J. Knight,
Chiet and Assistant Chief, respectively, of the Mobility and Environmental
Livisien, and A. A. Rula, Chief, Vehiecle Studies Brénch, and under the
direct cupervision of Mr. E. S. Rush, Chief, Soil-Vehicle Studies Section.
Mr. B. G. Schreiner supervised the field testing. This report was written
by lessrs. Schreiner, R. P. Smith, and C. E. Green.

Acknowledements are made to Mr., Dave Amick, Naval Ship Systems Com~
mond, and Mr. Walter Fales, Chrysler Corporation, Defense Engineering, for
arranging logistical support and general guidance, and to Mr. J. Kasuboski,
onerineer, and Mr. J. Faught, operator/hechanic, both of Chrysler Corpora=-
iion, who assisted materially toward a successful field test program.

Director of the WES during the program was COL Levi A. Brown, CE.

Technical Director was Mr. Fred R. Brown.
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in this report can be converted to metric

unlits as follows:

Multiply

By

inches

feet

miles (U. S. statute)
square inchnes

square feet

cubic inches

gallons (U. S. liquid;
pounds

tons

pounds per cubic foot

miles per hour

gallons (U. 3.) per hour

Sk
0.3048
1.600344%
6.4516
0.092903

16.3871
0.003785
0.45359237

907.185

16.0185
1.609344

22.7088

AW

ix

To QObtain

centimeters

meters

Kilometers

sguare ccntinmeters
square meters
cubic centimeters
cubic meters
kilograms

kilograms

kilograms per cubic meter

kilometers per hour

liters per hour
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SUMMARY

A program of tests was performed in November 1969 in south Louisiana
to evaluatle the performance of the Riverine Utility Craft (RUC) in riverine
environments. The RUC is an amphibian that employs a locomotion concept
based cn the Archimedean screw. It moves by means of two counterrotating
rotors that give forward and backward thrust. The RUC is powered by two
380-hp engines and is designed to carry a payload of 2000 lb; gross weight
is 13,000 1b. The RUC's unusual concept of locomotion places it outside
the normal classificaiivoun wi Wheeled and tracked vehicles designed to op-
erate on land and the normal classification of crafts designed to operate
in water such as motorboats, air-propelled boats, or air cushion vehicles.
The Navy has coined a definition of the RUC as a "zerc-draft craft” since
it floats in water entirely on its propulsion elements and there is no
water displacement by the hull,

The purpose of the test program was to determine quantitatively the
performance of the RUC in riverine enviromments. Specifically, the pur-
poces were to (a) develop craft performance~-soil strength (rating cone
index, RCI} . lation: in terms of maximum straight-line speed, maximum
maneuver cpeed, and minimum time required to turn 180 deg, (b) determine
watcer-exit capabilities, (c) determine the speed attained in a variety of
tect courses and terrain types commonly found in wetland marshes, and
(d) determine the degree of analogy of the terrain types tested with
terrain tymes at selected areas of the Mekong Delta.

Kesults of the tests indicated that maximum straight-line water speed
was 15.7 knots and maximum speed on an RCI of 2 was 25 knots. On the
firmest soil tested (RCI of 93), the maximum straight-line speed was 3.6
knots. Maneuvering through standard slalom test courses reduced maximum
straight-line speeds by an average of 32.1 percent. Minimum time required
to make a 180-deg turn was found to be related to RCI and type of turn.

Skid and pivot turns were made with little difffculty on RCI's of about 6
or less. On RCI's greater than about 6, turns were best made by a sweeping
arc movement which generally required considernb]e time and area. Cn.a
first-vass basis the RUC was consistently able to negotiate a vertical bank
height of about 3 ft. The vehicle cone index (VCI;) of the RUC is cua-
sidered to be zero. '

The RUC was able to negotiate all 23 terrain types tested. The
hiphest maximum speed on the first pass was 19.4 knots in one terrain type
and the lowest maximum speed was 1.6 krots in one terrain type. Fifteen

xi



of the 23 terrain types were negotiated at speeds between 4.1 and 10.0

3
knots., O

e average maxinuwn Cirstepass speed over all 23 terrain types was
9,0 knols.

0f the 13k terrain types identified in six selected areas in the
Mekong Delta, 7 were analogous, 55 were highly analogous, 55 were moder-
ately analogous, and 17 were slightly analogous to one or more terrain
types identified along the Louisiana mobility test courses.

The KUC can operate in riverine environments for which it was de-
signed. The craft's performance is most effective in water and wet marshes
of low soil strengti. The RUC also has a performance capability in areas
considered highly restrictive to or even inaccessible by boats and other
amphibious craft.

Appendix A discusses the comparison of terrain types tested during
the RUC program with those identified in selected sections of the Mekong
Delta. Appendix B rresents detailed descriptions of soil profiles along
the Louisiana mcbility test courses.
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Pidu OALCE UF THE RIVERINE UTILITY CRAFT (RUC
1i RIVERINE EKVIROMMENTS

PART I: INTRODUCTION

Background

e Xiverine Utility Craft (RUC) was designed and built by

warfare Froject. The Haval Ship Systems Command is responsible for the
development of +the RUC under Contract No. NOOO24-69-C-0216 with Chrysler
Corporation and for the fabrication of 10 R?C's to be used for engineering
and military potential tests. The RUC was designed for operation in river-
ine environments that are considered pighly restrictive to or even inac-

vy conventional boats or other amphibious craft. The craft was

e

i\

essibl
e ne

to perform most effectively in water and wet marsh environments;

4
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4
however, performance to a lesser degree in other enviromments was expected.
2. On 25 July 1969 the Naval Ship Systems Command requested the
U. 5. Arny Engineer Waterways Experiment Station (WES) to undertake a test

program with the RUC similar to one conducted inh 1963 with the Marsh Screw

sig

Amphibian.l Arrangements were made and a test prozram was conducted in
the young deltaic areas of the Mississippi River tnat are similar to areas
ot the Mekong River Delta in South Vietnam. The RUC field tests were con-
ducted with RUC No. 3 near Houma, La., during the period 12-29 November

1969. This report presents the results of the test program.

Purpose

3. The test program was conducted to determine quantitatively the
performance of the RUC in riverine environments. Specifically, the pur-
poses of the tests were (a) to develop craft performance-soil strength
(rating cone index) relations in terms of meximum straight-line speed,

maximum maneuver speed, and minimum time reguired to turn 180 deg, (b) to

S Pa— ‘kf,\-u-»--m',.b/.,ﬂ;.w¢&mz&m:’- w};y‘



determine water-exit capabilities, (c¢) to determine the speed attained in
a variety of test courses and terrain types commonly found in wetland
marshes, and (d) to determine the degree of analogy of the terrain types

tested with terrain iypes at selected areas of the Mekong Delta.

Scoge

4. The types of tests and the number of each type conducted with the

RUC are tatulated below. The same driver was used in all the tests.

No. of Tests

Type of Test Conducted
¥iobility (passes) 30
Straight-line speed 11
Maneuver speed ' . 10
Minimum time required to turr 180 deg 10
¢ Water exit 9
! Vehicle cone index for 50 passes 1

Also, based on results of a few tests, a Iimited discussion is presented
of the minimum soil strength (vehicle cone index) requirements ifor 1 and

50 passes of the craft.

Previous Studies of Screw-Pronelled Vehicles

5. Exﬁeriments with couhterrotating screw rotors (such as those of
the RUC) for propelling vehicles were made as early as the 1920's when a
Fordson tractor was modified for duty over snow and ice.2 In 1948 in
Britain the idea of a screw-driven amphibious tractor was proposed by

LTC H. O. Nelson.2

6. The WES studyl of the Marsh Screw Amphibian indicated that when
operating on terrain not having free water on the surface the vehicle
cested did not have sufficient power, and that wicn crossing obstacles
such as rice-field dikes or vertical step heights the vehicle performed

poorly because it has no suspension system. However, the vehicle traveled

2



at speeds of 5 to 6 uph* in deep water and of 20 to 25 mp): in certain marsh
areas where shallow surface water provided lubrication for the rotors and :
the soil conditions were ideal for efficient operation of the screw-type

locomotion elements.
7. In 196L4 the U. S. Army General Eouipmeﬂt Test Activity, Fort Lee,

Va., conducte? military potential tests with the Marsh Screw Amphibian in
areas in Virginia and Lou151ana.3 Conclusions from these tests were gen-
erally that the vehicle had military potential when operating in terrain

o A SBLRG M IR

for which it was designed.

Definitions

8. Certain sbecial terms used in this report are defined below.

General terms
Ground mobility. The ability of a ground contact vehicle to move

across a landscape withnut benefit of roads or engineering assistance. \

Thus, a measure of ground mobility is a measure of the vehicle-terrain

interaction.
Trafficability test. A test conducted in a homogeneous area to

determine vehicle-terrain relations.
Mobility test. A test to determine vehicle performance in terms of

average speed over a straight-line course covering several terrain types.
In a mobility test the driver is instructed to drive as fast as practica-
ble, consistent with safety to himself, the wvehicle, and the cargo.

Soil terms
Unified Soil Classification System (USCS).h A soil classification

system based on identification of soils according to their textural and

plastic qualities and on their grouping with respect to engineering

behavior.
Fine-grained soil. A soil of which more than 50 percent (by weight)

of the grains will pass a No. 200 U. S, Standard Sieve (smaller than

¢.074 mm in diameter).

* A table of factors for converting British units of measurement to metric
units is presented on page ix.




Coarse-grained soil. A soil of which more than 50 percent (by

welght, of the grains will be retained on a No. 200 sieve (Larger than
0.074 mm in diameter).
Organic soil. The living, dying, and dead vegetation that forms a

surface mut, and the mixture of partially decomposed and disintegrated
organic material (commonly known as peat or muck) below the surface mat.
Small quantities of mineral soil may or may not be mixed with the organic

material.
Critical layer. The layer of soil regarded as most pertinent to

establishing relations between soil strength and ve-
‘hicle performance, For 50-pass fests in fine-grained
soils and sands with fines, poorly drained, it is
usually the 6- to 1l2-in. layer; however, it may vary
with weight of vehicle'and with soil strength profile.
For l-pass tests it is usually, but not always, closer
to the surface.
Soil strenstl, terms

Cone index (CI). An index of the shearing re-
sistance of a medium obtained with a cone penetrometer
(shown in fig. 1). The value represents the resistance

of the medium to penetration of a 30-deg cone of 0.5-

sg-in. base or projected area. The number, although
usually considered dimensionless in trafficability
studies, actually denotes pounds of force on the han-
dle divided by the area of the cone base in square
inches.

Remolding index (RI). A ratio that expresses
the proportion cf original strength of a medium that

will remain under a moving vehicle, The ratio is
determined from cone index measurements made before
and arter remolding a 6-in.-long sample using the
equipment shown in fig. 2. The test sample is ob-
tained with a trafficability sampler (shown in

Fig. 1. Cone
penetrometer fig. 3).
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Trafficability sampler

Fig. 3.




Rating cone index (RCI). The product of the measured CI and the RI

of the same layer.

Terrain terms

Terrain terms are defined in Appendix A.

Vehicle terms
Immobilization. The inability of a self-proﬁélled vehicle to go

forward or backward.
Pass. One trip of a vehicle over a test course.
Multiple passes. More than one pass of a vehicle in the same path

over a test course.
Mobility index (MI). A dimensionless number that results from a
consideration of certain wvehicle characteristics. It is used to obtain an

estimate of VCI.
Vehicle cone index (VCI). The minimum rating cone index (RCI) that

will permit a vehicle to complete a specified number of passes; thus, VCI50
means the minimum RCI necessary to complete 50 passes, and VCIl means the

minimum RCI necessary to complete one pass. As the values of VCI decrease,

the go-no go performance capability of a vehicle increases. Examples of

VCI,'s are as follows:

' Experimental
Vehicle ver,

XM759, 1-1/2-ton logistical carrier ,

(Airoll concept) 0
M29C, 1/hk-ton carrier, tracked (Weasel) 5
M116, 1-1/2-ton carrier, tracked 7
MEXA 2-1/2-ton carrier, tracked 7
MEXA 2-1/2-ton carrier, wheeled, 10x10 7
M27h, 1/2-ton carrier, wheeled, lxk

(Mule) 9
M113, armored personnel carrier, tracked 15
M37, 3/b-ton truck, Lxk _ 23
M35, 2-1/2-ton truck, 6x6 26

* For comparison, a man on foot could make one trip
(pass) across a soil having a VCIl of 4.

»
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Craft Characteristics

10. Pertinent data on the RUC are shown in Ehe characteristics data
sheet, fig., 5. All testing was conducted at a gross weight of 13,000 1lvb,
near full load displacement. Fuel level was maintained at about 250 gal
for all tests. '

Propulsiorn System

Tractive elements
11. The RUC travels on two aluminum rotors. The front end of each

rotor is tapered. The nontapered portion (hub) of the rotors is 39 in. in
iameter. The rotors are filled with closed cell foam to provide tuoyancy
for the craft in case the aluminum rotors are damaged. The front ends of
the rotors are truncated to provide a flat section for attaching hull sup-
ports. Two helical blades (1/2 in. thick and 9-1/2 in. wide) are welded to
each rotor in a continuous pattern from front to rear. The helical blade
angle is 52 deg with the vertical (at hub surface). The rotors can be
counterrotated to give forward or backward thrust to the craft, Steering
and turning are accomplished generally by var&ing the rotational speed of
the rotors. The craft will "cradb" sideways in a sweeping arc on firm soil
if both rotors are permitted to rotate in the same direction; however, in
soft soil with both rotors rotating in the same direction, the craft will

pivot.
Power train
12, Each rotor has a separate power train that consists of an en-

gine, torque converter, transmission, and gear-driven final drive unit. 1In
case of an engine or transmission failure, the craft can be powered with
one engine by utilizing the hydraulic emergency steering system and cross-
drive belt.5

Test Personnel's Observations of RUC Performance

13. During the course of the tests, test personnel made the

AR S 320




r CHARACTERISTIC DATA

NAVSHIPS

RIVERINE UTILITY CRAFT (RUC)

Q OF ROTOR

125 CARGO CONFIGURATION
126 TROOP COMFIGURATION

CENTER OF GiAVlYV'

GEMERAL

Crew
Payload

Welight, Gross
Cargo Configuration
Troop Configuration

Weight, Net (less fuel,
crew, cargo, ammunition
Fuel Tank Capacity

DIMENSIONS

Length, Overall

Beam, Overall

Height
from bottom of rotor
w/canopy
From bottom of rotor
w/0 canopy

Rotor Spacing (center to
center)

Rotor Diameter (over drum) _

Rotor Diameter (over helix)

Ground Clearance Under Hull

reRFORMANCE

Maximum speed (cargo Config.)
Nater
Swamp and Tidal Flats
Snow
Hard Surface

Cruising Range

Fuel Consumption (on water)

Obstacle Climbing Ab{lity
Vertical Rigid Wall
Vertica) Earth Wall

-Maximum Trench Crossing

2
5 Passenger or
2000 Lb. Cargo

13,085 tb.
12,570 1b.

9,655 1b.
340 gal

242 in.
168 in.

137 in.
104 in,

110 in.
.39 fin.
58 1in.
49 in.

5 kt.

5 kt.

.0 kt,

3 kt, (side
mode)

8 hr at 15 kt,
43 gal/hr,

20 inches
36 inches

6 ft. 8 1n.

PONER_TRAIN
Engine Type
Displacement
Maximum Speed

Gross Power
Transmission Type

Final Ortve
Upper

Lower
Overall Ratio

Cooling System

Fuel

CONTROLS

Steering type

Smallest turning
radius

Shift position

(2) Chrysler Spark
Ignition Mater
cooled

440 cubdbic inches

4500 rpm

380 hp at 4500 rpa

(2) Chrysler Torque-
flite Model A727
2 Speed Automatic
with torque
converter

(2) Spiral Bevel
4.11:1 Ratito

(2) Spiral Bevel
6.17:1 Ratfo
25.3:1

(2) Radfator with
engine driven
fan

MIL-G-5572 Grade
115-148

Aviation fuel;
MIL-6-3056

combat gasoline, for
emergency use only

Throttlie steer
Pivot

Forward-Meutral-
Reverse

November 1969

Fig. 5.

Vehicle characteristics (sheet 1 of 2)
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CHARACTERISTIC DATA NAVSHIPS ‘ L

ELECTRICAL SYSTEM VISION AND LOCATION INSTZUMENTS !
System Voltage Periscope, N27 Four f
{Nominal) 24-volts OC (Driver's) i
Batteries (4) 12y, 45-Ampeve Magnification 1x H
hour capacity Field of view 150 deg horfzontal }

Alternator (2) 28-vDC 60- 50 deg. vertical :
ampere Compass Danforth, Corsair H

model, with sxternal i

COMMUNICATIONS EQUIPMENT compensating magnets i
Radio Set AN/PRC-77 Ran Pack Portable ANNMUNITICN g

_ Frequency Modulated ¢

frequency Range 30.00 to 52.95 MC Stowage provisions 1,000 rds., 7.62-mm :
and for 216 rods., 40-mm :

, s ?g.egcto 75é95 MC s
ower Source - Ory Battery !
382/PRC-25 or oTHER :

3s8/u Contractor Defense Operations Division i

Radio Set AN/VRC-64 Craft Mounted, Chrysler Corporation i
requency Modulated w608-C- :

Frequency Range 30.00 to 52.95 NC Contract  No. N00024-69-C-0216 :
and 3

53.00 to 75.95 MC Date Prototypes 1969 ;

Power source 24V DC Craft Current Status:Prototype E
ARMAMENT ! :
Gun mounts, Sype Four universal pintle §
supports . ) :

Machine Gun, 7.62-mm,
M60D

Elevation 65 degrees
Depression ~10 degrees (forward) .

Grenade Launcher,
40-mm, MK19
Elevation 45 degrees
Depression «19 degrees (forward)

] T R R €Y B e M A R e 3 e

e o

o

November 1969

©tornmester st e

Fig. 5 (sheet 2 of 2)
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following qualitative observations of the RUC's mechanical performance as
opposed to its mobility performance capabilities discussed later.

8. A windshield is essential when operating the craft at high
rotational speed in s>ft soil and marshy areas to protect
the operator and cargo compartment from flying debris (figs. :
6 and 7). (Some protective shield may be planned for future i

Fig. 6. High-speed pass on soft, wet soll. =
Note flying soil and surface debris

1o = Jo~ ’~
£7 poged

Fig. 7. Soft soil and debris on windshield
and craft after a speed test

11
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RUC's, but ne shield was included as a standard item on the
one used i: these tests.

The craft had adequate power in all terrain conditions
tested.

An experienced operator/hechanic was 1 zcessary for the en-
tire test program to ensure maximum performance capabilities
of the craft,

The screw-type propulsion system of the RUC is extremely de-
structive to soft soil terrains.



PART III: TEST PROGRAM

Selection, Location, and Description of Test Sites

Selection /
1L, TFour riverine test sites in south Louisiana used in a previous

program were used in the RUC test program. In a previous study, certain
sections of the Mekong Delta, South Vietnam, were selected as being repre-
sentative of terrain conditions found in the entire Mekong Delta. The
terrain conditions in these sections were descrlbed in terms of terrain
factors, including surface composition (soil strength), surface geometry,
and vegetation. Test sites in south Louisiana were selected on the basis
of the similarity of their terrain to that of the areas studied in the
Mekong Delta.

Location R
15. General locations of the sites are shown in fig. 8. The number

- )
O-nd:’
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Fig. 8. General lccation of Louisiana test sites
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within each area outlined by a heavy boundary line is the site number.
Description

16. General test site descriptions are given in the following par-
agraphs. To assist in site description, surface profile, vegetal cover,
soil strength in terms of RCI, and photographs of the mobility test courses
are shown in plates 1l-4.

17. Bayou du Large, La., site 1. This test site (fig. 9) is south-

west of Houma, La., and ap~

’ proximately 1/2 mile north
of Caillou Lake on Bayou du
- Large. Site 1 has a wide
range of soil strengths and

terrain types. Tidal action
influences the depth of sur~
face water. Bayou du Largg
is bordered by 200-ft-wide
sections of clay soil with

some organic material. Or-
ganic soil and areas of float-
ing vegetal mat adjoin the
clay sections. Mobility and
trafficability tests were

conducted in a wide variety

‘gﬂﬂ" . < of terrain types at this
' e ‘,‘W‘A site. Plate 1 shows the
SCALE L C :" ) . surface profile and photo-
1:62,500 <7 7, CAILLOU | LAKE " 5 graphs of the mobility test

Fig. 9. Bayou du Large, la., course.
sites 1 and 2 18. Bayou du Large, la.,
site 2. Site 2 (fig. 9) is
east of and adjacent to site 1. At site 2, Bayou du Largé is bordered by
certicns of relatively firm clay soil that are approximately 50 ft wide on

ihe north side and 15C ft wide on the south. Weak organic soil adjoins the

LT



clay sections on each side or the bayou. At this site the bayou has rela-
tively high banks (approximately &4 ft) tuat normally are not covered by
rich tide.  Both mobilit, and trafticability tests were conducted at

zite 2. Flate 2 shows the surface profile and photographs of the mobil-

ity test courze.

1y. Minors Canal, La., site 3. Site 3 (fig. 10) is that section of
Jlinors Canal that is southeaut // A  - ’ ‘
1 Lake Tueriot. HMinors Canal A ﬁf A
is rlankel by low berms of -N-
aisaly organic coil. =xtensive ﬂ
areas of vegetal mat floating LAKE THERIOT

onowater aljein the. bermc. The
veretation was primarily alliga- L

tor and rmarsin grasses with areas

51 dense cane. Only mobility - e A
rests were conducted at this .
site. FPlate 3 shows tue surface - o ot
- » R
. : e ‘
profile and photographs of the . /¢§
Uil Ao ¥
N 4 : .
novllity test course. N o .
Wollity curs ’ﬂg . y -‘f"”,;f
20, lMorgan Island, La., jfy‘ L e o "
site 4. This site {fig. 11) is " =~ ", |, -« T .
e . DLt s . .. [
on Morgan Island in Six Mile e -7 e o
- R -~ . B Tl et e
P < . i . P ol . - N -
Lake which is &4 miles upstream S ;z o ; -
R S R 1 - -
fror Morgan City, La. Depth of 7. 7 1 % s, [ -
. . ! - - > Gﬂ'“‘ B s : o, 14 .
surrace water at this site 1is SR b L g
SCALE ¢ 'i ! Bl
arfected by tide, wind direction, 162,800 T T o e e ~~“4_’___‘~‘:;‘
and river stage. Soils en- R .
a€ Fig. 10. Minors Cansal, La.,
countered at the site were sandy site 3

clay, silty clay, and organic

clay. Vegetation included dead lily pads, willow trees, and alligator and
marsh grasses. Mobility and trafficability tests were conducte¢ at this
cite. Surface profiles and photographs of the mobility test courses are

given in plate L.
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Fig. 11. Morgan Island, La., site &

Test Procedures and Data Collected

Trecficability tests

21, Maximum straight-line speed tests, Maximum-speed tests were

conducted with the RUC on straight-line test lanes. FEach lane was 200 ft
long in an area of uniform soil strength. Ample distance was allotted at
the beginning of each test lane to allow the RUC to accelerate to its max-
imum speed before entering the lane. The time required for the craft tc
traverse the lane was recorded, and the maximum speed was calculated from
distance traveled and time elapsed.

22. Before each test a sufficient number of cone index measurements
were made to determine that the soil was uniform and of the desired
strength. Cone index of the soil was measured at the surface and at 3-in.
vertical increments to a depth of 18 in., and at 24-, 30-, and 36-in.
depths. °Remolding indexes were measured for the O-.tc 6-in., 6- to 1l2-in.,

and 12- to 18-in. debfﬁs. Moisture content and density samples were taken

16



for the same coil layers at each remolding index station. In addition, the
moisture content of the O- to l-in. layer was determined. Representative
tulk soil camples were obtained for soil classification purposes. Vege-
tation was described in terms of height and estimate of percentage of

ground cover.
23. Maximum meneuver-speed tests. Maximum maneuver-speed tests were

conducted in an undié%ﬁfbed section of the straight-line test courses and
were given corresponding test numbers. The maneuver courses were 200 ft

in length; a stake was located on the course at the 100-ft mark, Ample
room was allctted at the beginning of each course so that the RUC could ac-
celerate to its maximum speed before entering the course. The craft would
approach the first stake, and if the soil strerngth was weak enough tc allow
the craft tc skid-turn, it would run the course in a slalom pattern (see
diagram below,. If the craft could not skid-turn, it would approach the

Slalom Side Koll
o+ 00 1+00 2+00 O+00 1+00 2+00

middle stake, roll to the side, proceed forward past the middle .take, roll
back, and continue to the stake at sta 2+00, as shown in the diagram above.
The time required for the craft to complete the course was recorded, and
the speed was calculated from the time required to traverse the maneuver
course divided into the straight-line distance of 200 ft.

2Lk, The soil and vegetation data collected for the straight-line
speed tests were considered adequate for the maneuver tests.

25. Minimum time required to turn.* Tests were conducted in an un-

disturbed section at the locations of the straight-line and maneuver tests

to determine the time required to execute a 180-deg turn. The test was

* The original intent was to measure minimum turning radii; however as
testing began, it beceme obvious that these measurements could not be
made accurately because of the craft's unique propulsion system and
because of ground disturbance after the turns were made. More details
on procedures are given in paragraph L2.
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started at zerc speed, and the driver maneuvered the RUC as fast 4SS pose-
sitle through z 18C-deg turn. The area and time reguired to make each turn
were recorded.

2¢. The soil and vegetation data collected for the straight-line
Jeeed tects vere alsowconsidered adequatc for the turn tests.

7. Water-exit tests. Water-exit tests were conducted with the RUC

o

approaching land at a righl angle to the vertical banks. The RUC would
approach the bank slowly (approviumately 2 mph) so as not to damage the
craft vhen it attempted to negotiate each bank configuration. Ground and
water profiles were obtained for all tests. Cone index and remolding in-
dex were measured beneath the water surface and on the bank at the water-
land interface. Moisture content, density, and bulk samples were cobtained
for laboratory classification from the surface to a depth of 18 in. for
each test. UNotes were recorded on the performance of the craft.

28. VCi test. This test was conducted in an undisturbed test area
100 ft long. The craft was operated in its lowest gear at a speed of ap-
proximately 2 mph and was driven back and forth in a straight line until
it became immobilized or completed 50 passes. Before traffic began, cone
index, remclding index, and soil samples for field and laboratory identi-
cation and moisture content and density determination were collected in
the same monner as for the speed tests.

29. During traffic, rut depths were measured, and action of the
craft and soil was recorded.
Mobility tests

30. At each test site one straight-line test course was laid out to

include a number of different terrain types. The test coursc and points of
change in terrain type along the course were clearly marked with stakes and
flags to determine the speed of the RUC in each terrain type and to assist
the driver in maintaining the desired position on the course. The test
courses were positioned to ensure that the test craft would enter each
terrain type at a right angle. After the test course had been laid out

and the soil and vegetation data collected had been examined, the driver
was given specific instructions regarding the course layout and the sig-

nificance of markers on the course. He was also instructed to maintain

18



a maximum speed that, in his judgment, would not endanger his safety or
damage the cargo or craft. The time required for the craft to cross each
individual terrain type {from the time the front of ﬁhe RUC entered until
the time the front exited the terrain type) was measured by a stopwatch
and recorded for each test. Usually, the RUC traversed each test course
in one direction and then turned around and made the second pass in the
opposite direction, following the same path as that of the first pass.
Generally, this pattern was followed until several successive passes were
made with the craft. The average test course speed was calculated from
the total time required to traverse the mobility course divided into the
total length of the course.

31, Sufficient data were taken to describe each terrain type ede-~
quately. Cone index measurements were made along the center line of each
test within each terrain type. Because the distances across terrain types
varied, cone indexes were measured at various horizontal intervals. Re-
molding index measurements were made, and soil samples for moisture content
and density determinations and for field and laboratory identification of
soil type were collected at arbitrary locations within most terrain types
in the same manner as for the speed tests. Vegetation data were collected
in terms of kind of vegetation, height, root depﬁh, and percentage of
ground cover for each terrain type (where feasible, stem diameter and stem
spacing were measured). A rod and level were used to measure the terrain
profiles of the test course and to establish water levels. From this pro-
file, measurements of surface and hydrologic features were obtained. Per-

tinent observations of craft performance on each pass were recorded.

19
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PART IV: ANALYSIS OF DATA

32. The data collected during the test program are analyzed below.
It will be recalled that trafficability tests arc designed to develop per-
tinent terrain-vehicle performance relations in homogeneous terrain condi-
tions. These relations are required to adequately describe the performance
of a vehicle operating in natural terrain. Mobility tests are designed to
determine vehicle performance in terms of maximum safe speed at which a ve-

hicle negotiates a course covering several different terrain types.

Trafficability Tests

33. The relations developed include (a) RCI versus maximum straight-
line speed, (b) RCI versus maximum maneuver speed, and (c¢) RCI versus mini-
mum time required to make a 180-deg turn. Also included in this analysis
is the establishment of the limiting conditions in terms of bank step
heights that produce immobilizations, and a discussion of VCI testing. In
establishing the soil strength-performance relations, the O- to 6-in. layer
was congidered to be the critical layer for the RUC, except as noted in
discussions of VCI tests. RCI was used as a measure of soil strength for
the tests conducted in fine-grained soils and organic soils that contained
sufficient decomposed organic matter for which a remolding index could be
obtained.

Maximum straight-line speed tests

3k. These tests were conducted to determine the relation of maximum

straight-line speed to soil strength. RCI and reléted‘data are shown for

each test in table 1. A summary of performance data is shown in table 2.

In table 2, the average speed shown (last column) is the "maximum straight-
line speed." Each test was conducted as described in paragraph 21, except
that the two engines of the RUC were run at maximum rpm's as dictated by
soil conditions but at no greater rpm than 4500. The driver was instructed
to steer as close as possible to the straight-line course. Ruts formed
after tests on soils of different strengths are shown in fig. 12.

35. The maximum straight-line speed is plotted versus O- to 6-in.
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Fig. 12.

a. On soil having an RCI of 93

b. On soil having an RCI of 2

Rut patterns formed by RUC after maximum
straight-line speed tests
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RCI in plate 5. so included in the plot is the maximum water speed. A
curve ot visual best fit was drawn through the data points. This curve
shows an increase in speed from a low of 3.6 knots at an RCI of 93 (firmest
soil available for testing) to a high of 25 knots at an RCI of 2. The
maximum water speed (plotted at O RCI) was 15.7 knots. Soil strengths be-
tween an RCL of 6 and about zero had the greatest effects on changes in

maximum speed.

. 36. Surface condition and soil material apparently have some effect
on maximum speed for a given RCI. An example of this apparent effect can
beé seen by examining tests 4 and 11, both conducted on RCI's of 2. Test &L
(19.1 knots) was conducted on a highly organic soil containing roots and
root fibers; the surface was covered with about 3 in. of water and there
was a 20 percent coverage of 30-in.-high grass. Test 11 (25.0 knots) was
conducted on a clay soil containing very little organic material; the sur-
face was only about 50 percent covered with 1/2 in. of water and there was
a 5 percent coverage of dead lily pads. The effects of water depth alone
on speed in these tests are inconclusive since two different soil materials
were encountered. It is tentatively concluded that for these tests the
resistance to rotor movement caused by the fibrous highly organic soil was
greater than the resistance caused by the clay soil.

37. On an RCI of 6, two other tests (1 and!3) were conducted wherein
different maximum $péeds were measured; this difference also is believed
to have been caused by differences in surface condition and soil material.
Test 1 (7.4 knots) was conducted on a highly organic soil similar to that
of test L described above. Ninety percent of the surface was covered with
1/2 in. of water and 95 percent of the surface was covered with 24-in.-high
marsh grass. In test 3 (11.9 knots) the soil was mostly orgsnic but con-
tained more clay than that in test 1. In test 3, 70 percent of the soil
surface was covered with 1/2 in. of water; 80 percent was covered with 16-
in.-high Bermuda grass and 1 in. of soft, viscous material of unmeasurable
strength. It is tentatively concluded in examining the results of these
two tests that the increase in speed in test 3 over that attained in test 1
can be partially attributed to the lubricating effect on the rotors of the
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soft, viscous material covering the surface and to the difference in soil
material.

38. In summary, the results of maximum straight-line speed tests
tend to indicate that (a) when operating on soils of equal RCI the RUC
attains higher speeds on clay soil than on highly organic soil and (b) as
little as 1 in. of fluid material on the surface will permit the RUC to
attain higher speeds. Nevertheless, the curve shown in plate 5 may be con-
sidered a reasonable average. Had time for testing permitted, curves chow-
ing the combined effects of RCI and surface condition could have been de-
veloped. It should be noted that in tests 4, 10, and 11, at the speeds
attained, mud and surface debris were thrown onto the craft and restricted
the operator’'s line of sight. Had the test lanes been longer, the speeds
probably could not have been sustained because of the accumulation of mud
and debris onto the drivef and windshield. In cross-country operation it
would be unsafe to maintain these Speedsl
Maximum mareuver-speed tests

39. Ten maximum maneuver-speed tests were conducted. Soil strength

and related data for each test are summarized in table 1 and maximum
maneuver speeds (time required to traverse the maneuver course divided by
the straight-line distance of 200 ft) are shown in table 3. (Maximum
maneuver speed refers to the average spe2d shown in table 3.) Both slelom
and roll types of maneuvers were attempted on each maneuver test course.
The type of maneuver that gave the highest speed is shown.

4O. For each maneuver course the maximum maneuver speed regardless
of type of maneuver is plotted versus O- to 6-in. KCI in plate 6; the
r.-ximum maneuver speed achieved in water is also shown. A curve of best
visual fit is drawn through the data points. The curve shown for maximum
maneuver speed versus RCI is very similar to the one for maximum straight-
line speed (also shown in plate 6), and the reduction in speed required
to maneuver for a given RCI can be seen by comparing the two curves. The
plotted data indicate that on an RCI of about 6 or greater, higher maneu-
ver speeds were attained by the craft rolling sideways through part of the
test than by slalom maneuvering. The data also indicate that maximum
maneuver speed is affected by surface conditions and soil type in the same
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manner as that for the straigﬁt-line speeds.
41. The following tabulation is based on the curves in plate 6, and
indicates the percentage of speed lost by maneuvering for a selected range

of soil strengths (RCI's) and the average loss for the selected RCI's (in-
cluding water).

Straight-Line Maneuver Speed

RCI Speed,* knots Speed,* knots Loss,** 9
Water 15.7 10.4 33.8
1 23.3 16.7 28.3
pe 4.8 17.7 28.6
iy 13.0 7.3 43.8
& 9.9 5.8 b1k
12 7.6 L. 4 k2.1
20 6.5 4.0 38.5
35 5.5 3.9 29.1
65 4.5 ‘ 3.5 22.2
90 3.7 3.2 13.5

Average 32.1

* Read from curves in plates 5 and 6.
straight-line speed - maneuver speed % 100
straight-line speed :

*x 7 gpeed loss =
i p

In the selected RCI's the percent speed loss ranged from 13.5 on an RCI of
90 to 43.8 on an RCI of 4, and the average percent speed loss for all
selected RCI's was 32.1. The percent speed loss was 33.8 percent in water;
it decreased for RCI's of 1 and 2 and increased sharply at 4 RCI. From &
to 90 RCI, there is an almost steady decrease in percent speed loss.

Time required to turn
42. In brief review, the RUC's rotors are powered independently,

each having its own engine and throttle. The rotors can be powered to

rocate in the same directicen or in directions opposite to each other, and-

power (and rotation) can be varied simultaneously on each rotor. For anal-
ysis purposes, types of turns employed by the RUC had to be considered;

each type is described below.

a. Skid turn. Just enough torque was applied to one rotor to
prevent rotation while ample torque was eapplied simulta-
neously to the opposite rotor to accomplish rotation, thus
producing a skid-steer effect.

2k



Pivot or arc. Both rotors were powered in the same rota-
tional direction and at about the same speed, causing a
pivot turn in water and soft soils and a sweeping arc action
on firm soils.

Variable. The RUC was jockeyed back and forth using skid, i
pivot, and arc action until a turn was accomplished. i

{=

7]

43, Seventeen turn tests were conducted. Soil strength and related
soil data for each test are summarized in table 1, and type of turn and
time and area required to accomplish a turn for each test are shown in

table 4. Results are summarized in the following tabulation in order of

increasing RCI.

O-LQo 6-in.
Test Ho.. . Type Turn Time, sec RCI é
9 (water) Pivot 5.0 0]
10A Pivot 7.0 1
10B Skid 20.0 1
La Pivot 12.0 2
LB Skid 13.5 2
11A Pivot 5.0 2
11B Skid 9.0 2
SA Pivot 26.0 5
5B Skid 14.0 5
1A Pivot 19.5 6
1B Skid 21.0 6
3 Veriable k9.0 6
2A Arc 4s.0 12
2B Variable 188.0 12
6A Arc 57.0 35
6B Variable 204.0 35
8 Variable 170.0 93

L. The test data show that the RUC was able to make & pivot turn in
water in 5 sec. In RCI's of 1 to 6, skid and pivot turns could be made in
from 5 to 26 sec. Of the five tests conducted on soils of 6 RCI or less,
four tests show it took less time to execute a turn by pivoting than by
skidding. On soils with RCI's greater than 6, pivot and skid turns were
either difficult or impossible, and variable or arc turns were the most
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suecessful.  Where are and variable-iype turn tests were conducted on the
same soil str.ngtus of about © K(CI or greater, less time was required to
make the arc turns. The arc turn, houwcver, required greater turning area
(table 4) than the variable-type turn. The amount of rotor area in contact
w“ith the ground may also aifect the time required to complete a variable-
type turn on firm soils. The aree of the rotors in contact with the ground
was greater in test 65 (RCI of 35) than in test 8 (RCI of 93). The in-
creased resistance caused by increase in contact area of the rotors with
the soil suriuce in test 6B may have contrihbuted to a slower turning cpeed
ti=n that in test . ,
W. ter-exit tests

45, The water-exit tests were run on vertical banks ranging trom

2.20 to 4,50 Tt nigh to determine the maximum bank step height that the
RUC could negotiate. Ar attempt was made to establish limiting conditions
ror banks and soil strengths that would produce an immobilization. How-
ever, the desired combination of bank heights and soil strength was not
found.

L6, Nine water-exit tests were conducted at sayoa < Large, La. A
summary of soil data taken on the bank and on ti.c bayou bottom is given in
table 5. Ground and water profiles for each test are shown in plate 7.
Water-exit tests in progress are shown in fig. 13 and bank damage after
parsage of RUC is shown in fig. 14. On each profile (plate 7) the RUC is
positioned in relation to the progress it made in negotiating “he bank.
Where the RUC is shown to the left of the bank, the indication is that the
craft negotiated the bank. In all tests the banks were deformed under
traffic. The dashed line irn plate 7 indicates the deformation *' .t oc~
curred on the first pass.

47. Test results are summarized below.

Ster O0- to 6= I'ir-%-Pass Step 0- to 6- First-Pass

Test Height in. RuI Results Test Helght in. RCI Results
No. ft of Bank Go No Go No. ft of Bank Go No Go

5 4,50 176 X 2 2.78 19 X

8 3.48 381 X 3 2.€5 1y X

b 3.05 16 X 1 2.50 16 X

6 3.00 203 X 7 2.20 L68 X

9 2.82. h2s- - %




a.

b. RUC climbing bank in test 2

Wat2r-exit tests in progress
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48. The data indicate that the RUC could not consistently negotiate
steps higher than about 3 rt. Test & (bank RCI of 16) had a step height
ot 3.05 r't and the RUC was able to climb it on the first attempt, whereas
test & (bank RCI or 203) had a step height of 3 ft and the RUC could not
climt it on the rirst or second pass. Other tests with step heights above
3.0 't were nc go on the first pass; however, on the second pass, the RUC
was able to climb the 3.48-ft step neight {(test 8, RCI of 381), but the
bank was deformed in the attempt. On the basis of the discussion above ol
tests L, 6, and 8§, there does not appear to be a consistent relation be-
tween s0il strength, step height, and go or no go performance.

Vehicle cone index tests
49, Vehicle cone index (VCI) tests are usually conducted to deter-

mine the minimum soil strength in terms of RCI that will just permit a
vehicle to make a prescribed number of passes, usually cne and fifty.
Also, as soil strength increases above the minimum required, the perform-
ance of conventional vehicles increases; This type of test, though mean-
ingful for more conventional ground vehicles, is not applicable in the same
sense to special craft such as the RUC because as soil strength decreased,
the performance increased. However, in an effort to gain some insight into
each performance category, the VCI of the RUC was analyzed to a minor ex-
tent. Time did not permit a complete investigation of the RUC's capabili-
ties in terms of VCI.

50. In numerous sbeed and maneuver tests on extremely soft soils
(RCI's as low as 1) the RUC was able to make one pass with relative ease.
Therefore, VCI for one pass (VCIl) may be considered to be zero. In terms
of VCI for 50 passes (VCISO) one test was conducted on an RCI of 12 (6~ to
12-in. layer). Data for this test (test 12) are shown in table 1. The
test in progress is shown in fig. 15. The craft completed 50 passes with
ease although ruts after 50 passes were 24 in. deep. Mud accumulation on
the blades and rotors was minimal and did not hamper back-and-forth move-
ment. Results of this one test and observations of performance over the
straight-line speed test courses indicate that a wet, slushy material
would permit SO passes, and on this basis VCI50 would also be z~ro. .How-
ever, a soft soil (RCI less than 12) might cause the RUC to immobilize if
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c. After 50 passes

Rut patterns during and after traffic
(test 12, table 1)
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deep rutes rormed and caused the undercarriage to drag. In such cases,
VCI,..
c0

cause Lhie RUC to immobilize on a 50-pass basis because of lack of power

would be greater than zero. A soil with RCI greater than 12 might

resulting from a greater increase in torque requirements due to increased

frictional resistance between soil and rotors with progressive rutting.

Mobility Tests

51. Mobility tests with the RUC were conducted on four test courses.
Summaries of soil and terrain data for each test course are shown in
tables 6 and 7, respectively. Detailed soil profile <descriptions are given
in Appendix 3. A summary of speed test recults is shown in table 8. Pro-
files of the test courses, including soil strength, vegetation height,
surface water level, and ground photographs are shown in plates 1-4. Anal-
ysis of data was made on the basis of craft speed over terrain types and
test courses. As stated previously, the same driver was used for all
tests.

Speeds on various types of terrain
52. The mobility tests were conducted on 23 different types of ter-

rain. Speeds recorded on each terrain type on each mobility test ccurse
for ea a1 pass are given in table 8. The maximum first-pass speed of the

RUC on each terrain type tested is given below.

Terrain Maximum
Type Site First-Pass
No. No. Speed, knots
1l i, & 15.2%
2 1 8.6x
3 1, 3 6.2%
L 1 9.0
5 1 13.3
6 1 8.8
T 1l 7.7
8 2 L.6
9 2 7.8
10 2 3.2
(Continued)

*  Average.
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Terrain Maximum

Type Site First-Fass
ko, WO, Speed, knots
11 e 7.3
1z 2 1.6
13 2 L.s
14 2 7.2
15 3 11.9
1€ 3 L.5
17 3 7.2
1¢ 3 2.8
19 3 8.3%
20 L 16.5
21 L 19.4*
c2 4 2.9
23 i 18.7

* Average.

-

A examination. of the-tabulation above indicates that on the first pass
siie RUC attaired the highest maximum speed of 19.4 knots in terrain type
21l whe lowest maximum speed of 1.6 knots occurred in terrain type 12.
Terrain type 21 consisted of two mud flats, both covered with dead water
lilies and having soil strengths of 1 and 3 RCI. Terrain type 12 was a
natural lavee (RCI of O- tc 6-in. layer was 180) covered with 10-ft-high
seruts bushes.,

The speed according to an arbitrary speed clacs that the craft

A

93,
achieved on the rirst pass in the terrain types tested is given below.

No. of Terrain Types
in Which Vehicle Achieved
Speed Class, knots Speed Class on First Pass

v (immobilization)
0.1 to 0

to

to

to

to

to
to
to

N

o F

.0
.0
0
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(Continued)
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No. of Terrain Types
in Which Vehicle Achieved

Speed Class, knots speed Class on ¥irst Pass
16.1 to l&.0 1
18.2 to 20.0 2
Total 23

“rom the tabulation above it can be seen that the RUC was able to negotiate
all terrain types tested. Tne uinimun speed class or 0.1 to 2.0 xnots oc-
curred in one terrain type, and the maxinum speed class of 18.1 to 20.0
nnots was achieved in two terrain types. The data alsc show that the RUC
negotiated the majority (15 of 23 of the terrain types at speeds between
«.1 and 10.0 Knots.

Hobility test course speeds |

54. The average test course spcads of tiie RUC for each mobility test
are chown in table 8. The maximum first-pass speed was 15.0 knots at site
L4 and the minimum first-pass speed was 4.9 knots at site 2. In terms of
overall soil strength {(RCI), site 4 hau the softest terrain and site 2 the
firmest terrain.

5. As shown in table 8, difriculties were encountered at sites 1

1

and 4. At site 1 in passes 1A and 1B, speeds were considered to ke unsafe
and not representative of cross-country operation. In two passes, as the
RUC traveled Irom sta 1+02 to T7+42, mud and debris accumulated on the RUC's
windshield and the driver's view was obscured. TIurthermore, at test site &4
in pass 2 betwecn sta 2+64 and 3+52 the speed was considered to be unsafe
for the vehicle and driver because tall, dense vegetation obscured the
driver's view.
Speeds on repetitive passes

56. At sites 1, 2, and 3 after the first pass, the average test

course speed of the RUC increased with repetitive passes. At site 1 speed
increased from 9.5 to 13.4 knots, at site 2 speed increased from 4.9 to

£.1 knotc, and at site 3 speed increased from 7.4 to 14.6 knots. The
speeds of the last one or two passes on each test course were considered to
be about the maximum saf'e speed ror the RUC. The increase in speed was due

to bhe driver becoming more familiar with the test course on each

5



succeeding pass, deterioration of the vest course with traffic, and water
aeeunulating in the ruts left by the craft in previous passes. Test per-
connel believed that the water accumulation in the ruts and test course
detericration reduced the RUC's resistance to motion ih some of the terrain
types and thereby contrlbuted to the increased speed.

57. At site " average test course speed did not increase with repet-
itive passes. Generally the speed cn each pass remained near 15 knots.
The driver was able to operate the RUC at the maximum safe speed on the
virst pass. burthermoré, though the test course deteriorated and the
driver became rmore familiar with the terrain with succeeding passes speed
performance did not improve.
Swanary

5&. In summary, the mobility tests indicate that the average maximum
rirst-pass speed over the 23 terrain types encountered was 9.0 knots.
Alsc, maximum speeds were lowest in tall, woody vegetation and on firm
:ound.‘.And as expected, maximum speeds were highest in the wet marsh
terrains., Mud and surf- :e debris thrown onto the windshield from the
rotors obscured the driver's vision and reduced maximum safe speeds in a
nurber of terrain types. Increase in épeeds with repetitive passes was
attributed partly to course deterioration and increase in free surface
water in the craft's path and partly to the driver's becoming more familiar

zith the test course with each succeedlng test pass.

Comparison of Terrain Types of Selected Mekong Delta
Areas and Mobility Test Ccurses

59. A comparison of terrain types of selected Mekong Delta areas
and mobility test courses is presented in detail in Appendix A. In sum-
mary, 134 terrain types were identified in the Mekong Delta. Of these ter-
rain types, | were analogous, 5) were highly analogous, 55 were moderately
analogous, and 17 were slightly analogous to one or more of the terrain
types identiried along the four mobility test courses. Furthermore, all
23 terrain types identified along the mobility test courses had some degree
of analogy with terrain typés identified in the Mekong Delta. The exact

number of terrain types that may occur in the Mekong Delta is not known;
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nowever, based on the location oi the Mekong Delta study areas, it is ve-
lieved those terrain types mapped are representative and many of the ter-
rain types would probably he encovntered almost anywhere in the Delta. It
should be pointed out, however, that terrain types otiher than marshland do
occur within the Mekong Delta that would restrict RUC operations (for ex-
ample, terrain types with dense vegetation with stems larger than 3 in. and
those with vertical step heipghts greater than 3 ft). A study to determine
tne probability oif' occurrence ot terrain types that would restrict RUC

operatiocn is beyond the scope of this report.

Comparison of RUC and XM759 and M116 Performances

60. Pertformance tests were conducted in 1967 with the XM759 and M116
on mobility courses adjacent to three of the courses used in the RUC per-
formance tests. Comparisons of performance of the three vehicles can be
rmade in terms oI maximum speed over three of the mobility test courses and
in terms of VCIl. Briefly, the XM759 is an amphibious wvehicle that employs
the Airoll locomotion concept. Its normal payload in the 1967 tests was
l-l/? tons and its gross weignt was 13,000 1b. The M116 is a standard
amphibious tracked vehicle; its normal payload was 1-1/2 tons and its gross
weight was 10,E6C0O 1b.

Speeds over the mobility test courses

61l. The three test courses over which comparative speed performances
could be made were Bayou du Large site 1, Minors Canal, and Morgan Island.
Terrain measurements from the two test programs indicate the courses were

similar at the times tests were run. Comparative first-pascs speeds are
snoWn velow.

I'irst-Pass Speeds, mph

Bayou Minors Morgan
Vehicle du Large Canal Island
RUC 11.0 8.6 17.3
AMT59 7.3 7.0 6.6
M116 * * *

* M116 was immobilized because of soft
soils along each test course.
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As shown in the tabulation on the preceding page, the RUC negotiated the
test courses at higher speeds than the XM759 and the M11l6 could not com-
plete any of the tést course passes. In terms of percentages, the RUC's
speeds vere faster than the XM759's by 51 percent at Bayou du Large, 23
percent at Minors Canal, and 162 percent at Morgan Isiand. It should be
pointed out, however, that on firmer terrain, the RUC's cross-country speed
would be lower than the XM759's. For example, on an RCI of 1k (table 8,
Bayou du Large, terrain type 6) the RUC's first-pass speed was 9.9 mph (8.8
knots), whereas the speed of the XM759 was 11.6 mph on that same terrain
(retference 6, table 10, Bayou du Large, terrain type 7). As RCI increased,
the RUC's speed decreased and the XM759's speed increased. Over the same
terrain the M116's speed was 10.5 mph.

VCI; comparisons

62. In terms of VCI, both the RUC and the XM759 are considered to

have VCI,'s of zero, while the M116 has an experimental VCI, of 7. In com-
parison insofar as being able to negotiate extremely soft soils, regardless
of speed and maneuverability, the performances of the RUC and the XM759 are

good and the M116's performance is poor.
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ART Vi~ SMMARY O TEST RESULTS AND RﬁCCMMENDATIONS

b

Summary of Test Results

63. A summary of results of the test program reported herein is
given in the 1oliowing paragraphs.

Maximum straight-line speed

64, Maximum straight-line speed-RCI relations were developed (plate
5). The maximum speed attained was 25 knots on an RCI of 2; however, this
speed could not have been sustained for distances much longer than the
200-ft test course because mud and deris were thrown onto the craft and
restricted the operator's vision. On an RCI of 93 (firmest soil tested)
the maximum straight-line speed was 3.6 knots. Maximum straight-line speed
in water was 15.7 knots. Generally for the same soil strength, higher
speeds were attained on clay soil than on organic soil (paragraphs 34-38).
Maximum maneuver speed

65. Maximum maneuver speed-RCI relations were developed (plate 6).

The maximum maneuver speed attained was 17.7 knots on an RCI of 2; the
lowest maximum maneuver speed of 3.0 knots oczurred on soil having an RCI
of 93. Maximum maneuver speed in water was 10.4 knots. The average speed
loss by maneuvering as compared to straight-line speeds for selected soil
strengths was 32.1 percent; this included water and soil tests. The RUC
could maneuver through test courses on RCI's of about 6 or less by skid
steering; however, in test courses on RCI's of about 6 or greater, higher
maneuver speedsAwgpq attained by the craft rolling sideways through part of
the test than by slalom maneuvering (paragraphs 39-41).

Minimum time required to turn
66. The minimum time required to make a 180-deg turn was found to le

related to RCI and type of turn. Skid and pivot turns were made with
little difficulty on XCI's of about 6 or less. Generally on soil of this
strength pivot turns were made a little faster than skid turns. On RCI's
greater than about 6, turns were made only by variable or arc movement.
Generally the fastest turns on these soil strengths were made by arc move-

ment; however, arc turns required greater areas. In water, pivot turns
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required less time than cther types of turns in soil and in most cases

were accomplished in less time than similar turns on scil (paragraphs
42-4L),
Water exit

. 67. On a first-pass basis the RUC was consistently able to negotiate
a vertical bank height of about 3 ft or less. Bank deformation occurred on
all banks (paragraphs 45-48).
Vehicle cone index
68. The RUC was able to traverse all soil strengths tested; there-

fore, its VCIl may be considered to be zero. Because of the limited scope

of the test program, determination of VCI50 was not attempted, but it is
coriceivable that the craft could also make 50 passes on a soil strength of
practically O RCI; tuerefore, VCISO of the RUC could be considered to te
zero. However, on the basis of one test, the RUC completed 50 passes on
an RCI of 12 but created 2-ft ruts. This would indicate that it may be
possible to irmmobilize the craft on a 50-pass basis on a soil at some opti-

mua strength (paragraphs 49 and 50).
Mobility

69. The RUC was able to negotiate all 23 terrain types tested. The
highest maximum speed on the first pass was 19.4 knots in one terrain type
and the lowest maximum speed was 1.6 knots in one terrain type. Fifteen
of the 23 terrain types were negotiated at speeds between 4.1 and 10.0
wnots (paragraphs 52 and 53).

76. On the four mobility test courses, the maximum first-pass speed
was 15.C knots at site 4 and the minimum first-pass speed was 4.9 knots at
site 2 (paragraph 54).

71. The average maximum first-pass speed over all 23 terrain types
was 9.0 knots (paragraph 58).

72. Increase in average test course speeds with repetitive passes
was attributed partly to course deterioration and increase in free surface
water in the craft’'s path and partly to the driver's increasing femili-

arity with the test course with each succeeding test pass (paragraphs 56

and 57).
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Compurisor of terrain types
73. Of the 134 terrain types identified in selected areas of Mekony

Delta, 7 were analogous, 55 werz: highly analogous, LY were moderately
enalogous, ~ud 17 were slightliy analogous to one or more of the terrain
types identified along the four mobility tec.t courses (paragraph %u).
Observations of RUC
_uring tests (parsgraph 13)

T7h. A windshield is essential to protect the operator of the RUC

and it5 cargo compartment from flying mud and debris when operating at

high rotatic.aal speeds,
7¢. An experienced operator/mechanic was considered essential for

the enlire progrom to ensure maximum performance in all tests.
76. The craft had adequate power in all terrain conditions tested.
T77. The screw-type propulsion system of the RUC is extremely de-

structive to soft soil terrains.

Overall performance
in riverine environments

78. In general, based on thc specific performance parameters men-
tioned in paragraphs €4-73, it is concluded that the RUC can operate in
the riverine environments for which it wes designed. The crait's perform-
ance is most effective in water and wet marshes of low soil strengtis. The
RUC also has a performance capability in areas considered highly restric-

tive to or even inaccessible by boats and other amphibious craft.

Reccmmendations I

79. Based on results of this test program, its somewhat limited
scope, and results of performance tests with another screw-propelled craft,

the Marsh Screw Amphibian, it is recommended with regard to further RUC

investigation that:

a. Speed and maneuver performance capabilities be determined
on coarse-grained soils, such as c.ean beaches, river sand
reacnes and bars, and sand t.ial Tlats. Such testing is
considered a natural follow-up to the test program reportci
herein since coarse-grained soil areas are the most



o
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I
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pertinent transitional areas between water and soil that re-
mained untested. These s0ils will produce high rotor fric-

tion which may ¢degrade the performance of the RUC.
Slope-climbing performance capabilities be determined on
fine-grained soils (clays and silts) of various moisture
conditions.

Step-height performance capabilities be determined when the
craf't touches the bank while floating in water.

Towing capability tests in water be conducted to possibly
develop a means to predict slope and step-height
performance.

VCI5p be determined in fine-grained soils.

Limited studies be made to eliminate the problem of flying
mud and debris during high rotational speeds in soft soils
and marshland terrains.

39



LITERATURE CITED

Knight, S. J., Rush, E. S., and Stinson, B. G., "Tratficability Tcstc
with the Marsh Screw Amphibign on Coarse-Grained and linc-Gruiued
Soiis," Technical Report lNo. 3-6b4l, Jan 196k, U. 3. Ammy Engineer
Waterways Experiment Station, CE, Vicksburg, Miss.

Cole, 3. N., "Inquiry into Amphibious Screw Traction,” The Institution
of Mecaanical Engineers, London, England, 1960.

U. S. Army Test and Evaluation Command, General Lquiprent Testi Ac-
tivity . "Final Report uf Military Potential Test of iarsh Screw Am-
phibian (Plan A - M113)," Dec 196k, it. Lee, Va.

U. S. Department of Defense, "Unified Soil Classification System for
Roads, Airfields, Embankments, and Foundations,” MIL-STD-€1YA,

20 March 1962, U. S. Government Printing Office, Washington, D. C.
Tuma, G. E., "Performance Tests, Riverine Utility Cratt: «Ul-u lt-1
and RUC 0216-2," Interim test report, Chrysler Defense kngineeri:y,
Sept 1969, Detroit, Mich.

Schreiner, B. G. and Rula, A. A., "Evaluation of the lertormance o1

the XM759 Logistical Carrier," Technical Report Lo. 3-608, Ju. 1ub,
U. S. Army Engineer Waterways Experiment Station, CkE, Vicxsbury, .Jiss.

L0



Test
Site location No.
Bayou du lLarge, La. 1
2
3
L
5
€
7
8
9
Morgan Island, La. 10
11
Bayou du Iarge, La. 12~

Average (.
Cone Index at Depths, in. of laye
0 3 € 391215 182 30 36 0 39
20 19 o € ¢ 9 10 11 1 15 16 11 °
11 32 23 3¢ 35 3% 31 3% 3¥ SO0 2b 32 ;
3 22 21 14 11 12 16 23 30 20 15 1
3 L L 5 €6 7 9 10 9 10 L4 4
6 18 13 9 € 8 9o 12 15 50 12 13
L3 76 64 55 55 S5k 59 69 Th 86 61 €5
Li 66 S0 sk 52 LB 50 53 64 T2 53 57
79 191 68 80 8 91 9k 100 130 164 113 113
Water
1 2 3 L 5 7 9o o o 1
7 7 ¢ 10 11 15 19 22
10 16 18 21 25 33 38 48 50 55 15

®

The vehicle made 50 passes with ease.
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Table 1

Soil Data and Test Results, Speedi, Turn, Maneuver, and VCI Tesls

Yoizture Content of

Tt
]
i

I'ry Dennity ofé

‘Pone Index Remolding Irndex Rating Cone TIndex
Zirs, in. of' Layers, in. of Layers, in. lavers, ¥ Dry Welrhit layers, pcf |
-12 12-18 0-¢ 6-12 12-18 0-€ 3-9 (-12 12-183 0-1 0-~( {-12 12-18 0-f {(-12 12-1
- § 0.4 0.50 0.50 € 5 &L L 326.8 WLh.6 sk2.2 WA%2 11,2 104 11l
- 33 33 0.kL8 0.62 0.5¢ 12 18 20 13 119.7 123.1 +1.2 {34 30,0 1.0 (0,
15 13 0.LO0 0.60 0.¢9 & 10 a  207.1 212.8 70,k (., 23,5 3,0 (O,
: 7 O0.b6 0.46 0,50 2. L k36.5 78,0 37h.s 1hlh.o o 7.7 b 25,
9 8 o.k2 ok2 o045 5 5 4 L suh.é 7RB.3 62,1 w0R.00 .S 13
58 €6 0.58 0.68 0.0 35 L1 39 22 Q0.2 53,3 3. 30,1 ik o2 Y0,
52 50 0.54 0.64 0.67 20 3W 3% ka2 W7.60 43,1 by.e (a0 757 71,
78 o0 0.8 0.4 0.79 o3 82 50 71 22.7 28.h 37,6 3w L Gt 89,3 ﬂhi
3 5 0.2 0.8 0.9 1 1 2 3 131.1 10F.0 137.0 21r.% L3.0 .0 23
8 10 0.50 0.60 0.62 3 5 € 80.3 79.5 0.3 f1.,n c2.% k.3 1,
21 32 0.60 0.58 0.78 o 11 12 25 s5h,3  SA.( R .t veLy i2,0 S0.0 0 ik,
lst pass, 11.3 in.; 10th sh in. |

i

pass, 20.4 in.; 30th pass, 24 in.: 50th pass,

e S o



i; Maneuver, and VCI Tests

Surface Condition

I8 Uscs Water Deptn
g Cone Index Moisture Content of Dry Density of Soil q. of
ayers, in. Layers, % Dry Weight layers, pef Classi- Depth Cover- Slush

€-12 12-18 0-1 0-6 6-12 12-18 0-€ 6-12 12-1¢ fication in. age in.
L 4  326.8 LLL . € sh2.2 L88.2 11.2 10.4 11.6 OH-Pt 0.5 to 0 90 --
20 18  119.7 123.1 §61.2 63.L 36.0 61.6 60.5 CH-OH 0.5 to O 80 1
2 ¢ 207.1 212.8 79.4 66.9 23.5 53.0 €0.8 CH 0.5 to O 70 1
2 L L36.5 728.0 37h.5 1kk.9 7.7 1k.8 32.8 OH-Pt 2.5 to 3 100 --
L L sLh.6 788.3 662.1 398.0 6.5 8.8 13.9  OH«Pt~ ‘2 100 --
39 22  99.2 53.3 3.0 39.1 €6.4 8.2 80.8 CH -- S
33 3L k9.2 L47.6 43,1 L7.9 69.9 75.7 .T71.0 CH -- -- --
50 71 22,7 28,4 137.6 135.4 89.8 82.3 84.7 CH -- -- --
3 131.1 106.0 137.0 216.8 43.0 35.5 23.5 CH 0.5 50 --

5 6 80.3 79.5 €0.3 61.5 52.8 k.3 €1.5 al3]
12 25 54,3 58,6 T72.7 58.3 62.7 56.0 6h.h CH 0.5 to O 80 1

%1;n.; 30th pass, 24 in.: S50th pass, 24 in.




Table 2

Summary of Tect Results, Maximum LHtrodght-Ildne 3pecd Tests

Max Speed, knots

Test No. Pass 1A Pass 1B Pass 1C Pass 1D Avy
Bayou du Large, La., Sites 1 and 2
1 0.5 7.0 8.5 -- 7.k
2 7.9 9.0 -- -- R
3 9-2 12.9 13:5 - ll .‘)
L4 19.1> 19.17 13,9 -- 1u.1*
5 12.5 10.8 11.8 -- 1.7
6 5.5 4.2 5.3 -- 5.0
7 6.2 -- -- -- A
8 3.6 -~ -- -- et
9 (water) 15.8 16.0 15.6 1540 16477
rorgan Island, La., Site 4
10 22,5% 23.7% -- -- o2z
11 26.3* 23.7* -- -- 25.0¢
lNote: Each pass was conducted in undisturbed tcrrain.
*

H-X

These speeds were considered to he unsafe beeause the driver's
vision was obscured by mud and debris on tho windshisld.
Moximum safe speed as determined by driver.




Table 3

Summary of Test Results, Maximum Maneuver-Speed Tests

Maximum Speed, knots

Roll Bayou du Large, la., Morgan
or Sites 1 and 2 Island, La.,
Test No. Slalom Pass 1A Pass 1B Avg Site L
1l Slalom 4.2 - L.2 -
2 Roll bk -- L.l -
f 3 Slalom 6.9 -- 6.9 -
! o Slalom 10.L - 10.4 -
5 Slalom 7.4 7.6 7.5 --
6 Roll 3.8 -- 3.8 --
8 Roll 3.0 - 3.0 -
9 (water) Slalom 9.9 10.8 10.4 -
10 Slalom - - - 16.7
11 Slalom -- J— -- 17.7

llote: Each pass was conducted in undisturbed terrain.
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Table 4

Summary of Test Results, Turn Tests

Test No.

1A
1B

2A
2B

3

La
LB

S5A
5B

6A
6B

8
9 (water)

104
108

11A
11B

Type of Turn

Pivot
Skid

Arc

Variable
Variable

Pivot
Skid

Pivot
Skid

Arc

Variable
Variable
Pivot

Pivot
Skid
Pivot
Skid

Time2 sec

13.5

26.0
4.0

57.0
204.0

170.0
5.0

7.0
20.0

O
o

Area Required to Muke
180-deg Turn, og 't

<, 180
393
24,925
15,000
4,800




cummaery 2f Joil D

frerare Ccne .

R L s

Test Station Cone index at Depths, in. of Layers.
No. Location 0 3 & 9 120 15 W 24k Y0 36 0-t 3-9 AT
1 PRank 17 35 32 28 25 27 42 3 Lo 3 20 32 28
Underwater 18 22 25 30 28 35 L4 sk sz A1 22 26 28
2 Bank 14 41 47 37 30 26 24 32 38 38 sy Lz 38
Underwater 18 27 32 27 24 3¢ 4 39 sSsh 55 26 29 28
3  Bank 4 s 36 L4 39 34 20 321 39 k3 30 39 39
Underwater 5 12 22 24 24 4 50 58 5+ 40+ 13 13 23
L  Bank 23 31 3% 3% 22 36 Lo 4 48 32 29 333
Underwater 7 11 20 22 27 3k 34 3 33 38 13 18 23
5 Bank 195 250 190 207 222 27h 267 231 228 304 212 216 206

Underwater 7 13 23 27 L 40 71 922 9 100 14 21 30 |

6  Bank 25 273 218 179 189 202 20% 207 211 224 245 223 195
Underwater 6 14 14 18 26 38 53 70 74 83 11 15 19

7 Bank 143 379 304 260 231 241 254 216 199 200 275 31k 265 .

Underwater 7 16 19 20 23 26 36 Sk 91 100 14 18 21 .

8 Bank 164 295 214 203 186 199 171 186 183 183 224 237 201
" Underwater 7 19 27 35 38 54 50 65 82 90 18 27 33
9 Bank 218 314 219 19 190 175 20hk 230 225 245 250 243 202
Underwater 12 16 17 24 L1 4 45 79 91 98 15 19 27
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i: Index Remoiding Index et lne Cone Index Moisture Content of Dry Denaiiy of
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32 0.38 0.s51 - 5 8 12 - ST 0700 Bl R A
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57 0.56 0.30 0.24% e 9 9 14 7.0 29,50 P9
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ble 5
it Test st 3ayou du lLarge, La.

pmolding index Rating Cone Index Moisture Content of Dry Density of éigi
Layers, in. «f Layers, in. Layers, % Dry Weipght Layers, pef Classi-

6-12 12-18 0-6 23-9 6-12 12-18 0-1 0-6 6-12 12-18 0-F £-12 12- 8B fication
0.4 o0.72 % 18 15 20 126.4 129.7 133.4  33.7-¥5.% 35.7  A5.4 CH
0.73 2.7 1, 19 20 26 153.3 101.0 50.2 47.9 L34 70.4  72.6 --
0.5b 0.72 15 23 21 19 1264k 129.7 1334 53,7 35,5 5.7 65.4 CH
0.7% 0.73 19 21 20 26  153.3 101.0 50.3 47.9 43.L 704  72.6 -~
0.54 o0.72 17 21 21 24 126.4 129.7 133.4 53,7 3/W.5 357  65.4 CH
9.73  0.73  1¢ 1k 17 29 153.3 101.0 56.3 L7.9 434 70k 72.6 -
0.53 0.7+ 16 18 17 27 76.1  75.0 100.4 s50.2 53.0 u43.0 70.1 CH
0.5 -- 5 8 12 .- 67.6 107.6  53.1 -- L2 #8.2 -- --
0.85 0.66 176 181 175 168  30.8 21,7 21.2 30.4 89.2 35.6 8L4.6 CH
0.30 0.24 8 9 9 14 37.0 39.5 32.9 35.9 79.8 87.3 83.9 -
0.85 0.66 203 187 146 131 30.6 21.7 21.2 30.4 89.2 85.6 B8L4.6 CH
0.30 0.24 6 6 6 9 37.0 29.5 32.9 35.9 79.86 87.3 83.9 --
1.17 0.97 A8 k52 310 235 11,6 20.1 34.8 32,7 7h.1 77.1  B7.1 CH
0.70 0.%0 9 12 15 14 54.3 44,1 35,3 39.5 74.9 8u.k  80.5 --
1.17 0.97 381 341 235 179 11.6 20.1 3k.8 32,7 74.1 77.1  87.1 CH
0.70 0.50 11 18 23 2l 54.3  Lb.1  33.2 39.5 74,9 84k 80.5 --
1.17 0.97 L25 350 236 184 11.6 20.1 3.8 3.7 7h.1 7.1 87.1 CH
0.70 0.50 9 13 19 22 4.3 bbbl 35,3 39.5 7hL.9 84.4 0.5 --
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Terrain

& Jaewiion wed 1 pe 2 Wo. _ Terrsin Sezersiption
Ay du larie, Th., 00 Lo 3w 1l 1)e1,2,%,1-001] 1 Psyou marsh
Preodn? 1D 1,6 3)-1,3,2,1-2{2]) 2  tayou rarsh
Gt ek 1, %el1)-1,%,3,1-000) 1 Pmyoi marsh
Ay v e 1,wi1)-1,%,2,1-112] 3 Duyou varsh
L o 4P 1, 01Ye %, 5,1-202) oy ‘»uvn.,\ meLrs
aEn tn 17 4,24, 34,Lkd.9/1,2,3.212) 5 Bayon
19427 ho 1h4kG 1,40 1).1,%,2,3-912]) ¢ Bayou marsh
10ehy o 400 34,21,74,54-2,2/2,7,%-1T1) 7 Depressiorn:
W0 G 1ot 1, 1)-3,%,%,1.101] 2 TPayou marsh
cmyid A Iaree, la., DY 4 DEPF 1L dal3)=1,2,1,1.202] 8§ - Drained marsh
Site o Gwrrm v mh 1,%01).1,7,%,1-313]) ¢ Drained mareh
PHA tn PP 39,08,74,k4.1,3,4,14 18] 10 Natural levese
peto bg herp 1d,24,94,544.1,3,3-372]) 11 Hayou
Let? to 548% 1, ])e1,%,2,1.505] 12 Hatural levee
LeP2 tg LY yief1)=1,%,3,1-374]) 13 Drained marsh
G b ey 1,3a(3)e1,3,35,1-3]4]) 1% Drained marsn
o 8., 08I0 1o 2H L 3,8u{1).1,3,3,1-111] 15 tarsh flat
2941 tr Y450 1,3a(1)-1,7,%,1-172] ¢ Marsh flat
£10 b 544 2,aR11)-1,7,%,1.172) % Hutural levee with spuil
Sl to LHG 14,2¢,3d,4d-1,3,3-1{2] 17 Cansl
€455 to €492 1,7a({1)-1,%,3,1-1{1-F) 18  Natural levee with spoil
42 to 9467- 1,%6(1)-1,3,3,1-1(1.P]) 19  Flotage
Ge0? to 30420 1,76(1)e1,%,3,1-1[1-F] 19  Flotage
Yeresn Tolmet, Li., GHO0 to 1407 13,2d,3d,4d-3,3,3-102) 20 River 5
fite wee 1407 to 2HA 1,1871)01,3,3,1-111) 21 #ud flat - .
9L to 3402 14,24,3d,4d-1,3,3,1-3[3] 22 Katural levee 2 25
T2 to S+1Y {1)-1,2,3,1-1{1] 21  Mud flat .- .-
417 to (4% 1d,2d,7d,L4-1,3,3,1-1{1) 23 vud flat x5 w25
CHI3 to 745 1,3%a(1)e1,3,%,1-1{1]) 1 River mareh 525 >25
= A ferrsin type 1s identified by en erruy of groups of clasz numbers or class number-letter combinstioms, In the es

depth and plant des
i ts

For exummle, terrain type 1a,%a,31,hd=1,94,3,1<4 represents the following factors snd values:
3, surface geometry--) {step helgnt is <12 in.), 3 (apprcach anugle e >

punbers with o slant line botween sprear in the approach angle Jactor of terrain geometry, this indicates

apared D05 €1 or Jacking
Where twn

e pusbers in brackets

“f Fayon a Iarge, site 1, Minore Cune), and Morgan Tsland vere uged in the MY59 Lest prc)grmn.b

of two roshers or one number il one nudberele

eriptions); (b) surimce gecmetry {-*-n height. approach augle, chstacle spacins. snd elamal <m
~ gombination, a hydrologic-vegetation assocfation is indicated

vegetativn-=la {>l-in,~
150 deg), 3 (spacing ve

refer tooa class range of surface composition that was uszed to {dentify terrain types along ¢

RCI 3~ to 9~
53
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Site 1, Looking from
sha 1400 to Q400

Site 1. Looking from
ota G400 to 540
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Site 1. Looking from
sta 5+40 to 1400

Site 1. TLooking across Bayou
du Large (sta 13450 to 9+25)

Site 1, Looking from

sta 19480 to 16465
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Site <. looking from
sha 000 to 1400

Site 2. Llooking from
sta L+00 to 6400

*8ite 2, Looking from
sta 1400 to 4+00

Site 2. Looking from
sta 6400 to 7485
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Looking from
sta 5+25 to 2460
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Site 1. Locking from Site 1. Looking from
sta 0400 to 2+60 sta 2+60 to 3455

Site 1. Looking from
sta 3+55 to T+55.
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DISTANCE. FT

ED LINE INDICATES RUT PROFILE AFTER COMPLETION OF TEST.
_LE IN POSITION ON PROFILE YO LEFT OF BANK INDICATES GO
IIRST PASS, IN POSITION TO RIGHT OF BANK INDICATES NO-GO
ST PASS (EXCEPT AS NOTED IN TEST 8).
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APPENDIX A: COMPARISON OF SELECTED MEKONG DELTA AREA AND
MOBILITY TEST COURSE TERRAIN TYPES

Background

1. This appendix was extracted largely from Appendix C of Technical
Report No. 3-808, "Evaluation of the Performance of the XM759 ngistical
Carrier," and was used primarily to compare those terrain types tested
during the RUC field program with those identifled in selected sections
of the Mekong Delta, South Vietnam. ' .

Purpose and scope
2. The purpose of this appendix is to present: {(a) a system for

defining, measuring, and identifying terrain types and (b) comparisons

of terrain types found along the mobility test courses and terrain types
identified in six areas of the Mekong Delta. Reédily availab;e information
(maps and reports) on South Vietnam were analyzed. Due to the enormity of
the Mekong Delta and the limited amount of time available to devote to the
study, it was necessary to 1limit detalled analy%is to six selected sample
areas (fig. Al). The terrain types found in these sample areas are con-
sidered representative of the terrain types that would be found throughout
the Mekong Delta. Selected areas in south Loulsiana were visited, and

terrain types were measured to determine their general analogy with Mekong

Delta terrain. Results of this analogy enabled the selection'of mobility
test courses in accessible areas of south Loulsiana that would compare
favorably with inaccessible areas of the Mekong Delta.
Definitions -

3. Terms used in terrain factor identification are defined below.

Terrain type. An area throughout which a specific assemblage of

factor values occurs.
Vegetation. Vegetation includes all attributes of plant structure
either as individual plants or as complexes or associations of plants.

Stem diameter and stem spacing were used for this study.

Hydrologic-vegetation association. An association of vegetation with

stems less than 1 in. in diameter usually found associated with surfece

water.,
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Fig. Al. Study arcas in Mekong Delta, South Vietnam

Surface geometry. Surface geometry 1s the three-dimensional config-

uration of a ground surface on which a ground contect vehicle operates.

Surface camposition. Surface composition is concerned with the
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engineering properties of the earth's surface (chiefly soils, in terms
of soil mass strength).

Terrain factor. A specific attribute of a terrain (which cen be de-
fined either quantitatively or in semiguantitative or qualitative fashion)

that forms an exclusive category.
Factor class. A specific category within & terrain factor defined as

having a specific raage of size, configur=tion, strength, and/or other

property. )
Vert.cal obstacle. Irregularities on the ground surface that force

a vehicle to move in a vertical plane (i.e. up and down).
Step height., The vertical distance between the bottom and the top

of an obstacle, '

Terrain arproach angle. The angle formed by the contact plane of
a vehicle and the slope of sn obstacle.

Obstacle spacing. The minimm distance between vertical obstacles.

-

b

Terrain Factors oL
<%

4, Terrain factors that affect ground mobility have been placed
intc four groups or families: (a) vegetation, (b) surface geometry,
(=) surface composition, and (d) hydrologic geometry. A hydrologic-
vegetation associatioun was utilized in this study where vegetation stems
were less than 1 in. in diameter.

Factor classes
5. The factors identified in both delia regions and ranges of values
(factor classes) used to qualitatively describe each factor are discussed

in the following paragraphs.

6. Vegetation. Two aspects of vegetation where the stem diameters
are greater then 1 in. that were considered are: (a) stem diameter and
(b) stem spacing. Where stems were less than 1 in. in diameter, the
hydrologic-vegetation association was described by the water depth and
plant characteristics.

a. Vegetation classes are tabulated as4follows:

A3



Class Range

Factor 1 2 3 L
Stem diameter, in. >1 >2.5 >5.5 >8.5
Class Range
Factor a b c d
Stem spacing, ft 0-8 8.1-15 15.1-25 >25

o

Hydrologic-vegetation associations are as follows:

(1) Water depth ciscczes are:

Class 1, less than 3 ft
Class 2, 3 to Lk.5 ft
Class 3, greater than 4.5 ft

(2) Plants are described by a number-letter-number system
as follows:

Water 1ily (floating flat leaves rooted)

Water hyacinth (floating masses 1 to 2 ft above
the water to 1 to 2 ft below the water)

3+ Graminoids (grasses, sedges, rushes, cattails)
a Tall (>3 ft in height)
(1) Nontussock
(2) Tussock
b Short (<3 ft in height)
(1) Nontussock
(2) Tusscck

7. Surface geometry. The surface geometry parameters selected to
describe the surface features are: (a) step height, (b) approach angle,
(c) obstacle spacing, and (d) slope. The class ranges are shown below.

Class Range
Factor 1 2 3 N 5
Step height, in. <12 12-20 >20
Approach angle, deg <135 135-150 >150
Obstacle spacing, ft <50 50-150 >150
Slope, deg <1.5 1.5-4.5 4.6-10 10.1-17 >17

Note: Surface geometry types, e.g. 1331, indicate factors of step
height, approach angle, spacing, and slope and are always
designated in that order. The class ranges for each factor
are listed under the identification unit.
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8. Surface compocition. 30il conditions were evaluated in terms of

:nil mass strength in range:s of CI values for the 6- to 12-in. layer.

Thece clacses are shown below.

Classes Range of CI

1 0-15
2 16-25
3 26-60
L 61-100
5 >100

J. Hydrologic geometry. In this report, hydrologic geometry is con-
cerrned only with bodies of water 3 ft deep or more. Bodles of water less
than 2 f't deep are described by surface geometry classes. Hydrologic geom-

etry factors that were identified include: (a) contact approach angle,
(b) water depth, and (c¢) channel width. Class ranges for these factors

arce shown ovelow.

Class Range
Factor 1 2 3
Contact approach angle, deg* <150 150-165 >165
Yater depth, ft <3 3-4.5 >h.5
Channel width, ft <0 20-60 >60

* (Contact approach is defined under two conditions:
(a) where the water depth is between 3.0 and 4.5 ft,
and (L) where the water depth is greater than 4.5 ft.
The contact approach angle under condition (a) is the
angle between the ted and bank of the water body;
under condition (b) it is the angle formed by a line
parallel to and 4.5 ft below the water surface and
the bank of the water bedy.

Terrain type
10. To portray the total terrain conditions, all the factors were
synthesized into a single identification, referred to as a terrain type.

Fach terrain type is identified by an array of numbers. The first group
describes vegetation. If two numbers or a number’end mumber-letter-number
combination are ﬁséé, vegetation is described as a hydrologic-vegetation
association., If four numbers or number-letter combinations are used, the
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vegetation is described in terms of stem size and spacing., The second
group describes geometry. Four numbers or number combinations describe
surface geometry and the factors include step height, approach angle, ob-
stacle spacing, and slope. If three numbers or number combinations are
uged, they describe hydrologic geometry and the factors include approach
angle, water depth, and chamnel width. The last number describes surface
composition in terms of cone index. For example, in table Al the first
terrain type in the Mekong Delta column is symbolized as 1,3b(2)-2,2,2,1-1.
The first croup describes the vegetation as a hydrologic-vegetation (uv)
association (number and number-letter-number combination), the next four
numbers describe surface geometry (SG), and the last number describes the
surface composition (3C). The factors and classes designated by these

numbers are as follows:

Factor
Family Factor Class Description
Hydrologic-Vegetation Association
HV Water depth 1 less than 3 ft
Plant description 3b Greminoids (grasses, sedges,
rushes, and cattails).
Short (<3 ft in height)
Plant description (2) Tussocks
Surface Geometry
3¢  Step height 2 12-20 in.
Approach angle 2 135=150 deg
Spacing 2 50-150 ft
Slope 1 less than 1.5 deg

Surface Composition

sC Cone index (6- to 1 0-15
12-in. layer)

11. For comparison purposes this system was used to-identify 134
terrain types in thé ﬁékong Delta and 23 terrain types along the mobility
test courses. It is to be noted that the above-described system identifieé
surface composition only in terms of CI in the 6- to 12-in. layer. In the
evaluation of actual performance of the RUC, the system used to identify
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Sualecs: composition along the test courses incorporated soil type and
retinge cone index. For this reacon the numbers of terrain types identified

by each; system differ somewhat.

Development of Analog Criterion

12. The determination of analogous terrain types in two noncontig-
uaous areas was made’by cémparing the terrain type identified in one area
4ith that of arciler area. The criterion used in determining the degree -
= analogy was based upon the numter of factor classes used to describe a
terrain type tnat was in agreement. The relation of factor classes to the
degree of analogy used is given in the following tabulation.

__llumber of Factor Classes in Agreement
(v Total) (7 wotal) .3 Total) (2 Total) _Degree of Analogy

2 7 7-8 8-9 Analogous

5 5-6 56 6-7 ' Highly analogous

2.4 2k 3-4 4-5 Moderately analogous
1-2 1-2 1-2 1-3 S1lightly analogous

o) 0 0 0] Not analogous

Comparison of Terrain Types

*3. Table Al is a comparison of the Mekong Delta and mobility test
course terrain types and the degree of analogy assigned.- Of the 134 ter-
rein types identified in fﬁe-MEkéng Delta, 7 were analogous, 55 were highly
analozous, 55 were moderately analogous, and 17 were slightly analogous
to ono or more terrain types identified along the mobility test course.
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monewiocoy o dh 0 Tl Dol el i robaldbyg
iwst Sowrcoe ferrain dvves
soreadn Srpes
Seons Doiun cebility Test Cource
¥ 2 LU Yooy HV S SC Degrce of fnalogy
- 1,3,3,1 171) , .
MERSRAtE 1’7’;’1 1rae Moderately snalogous
bl RER RV | -
PRI 1,2y 3,1 17 Highly analogous
RS YAl Tsisiel 121 Voderately analogous
HPRT ey IR | 17..p) “oderately analogous
1,3,3,1 1{1-7 Analogous
1,3,3,1 ra? Highly analogous
152,351 ir1d Higkly analogcous
TaI,2,1 FRRETON 14253,1 2r2) tioderately analogous
v G 5% ¥ < B N -
L.ax(2) lrzeded £ 51 1,%,3.1 prol Analogous
1,-0(2} 2ol sl L ) FremAS et ST Highly analogous
1,56z 2,2,5,1 1 . N Moderately analogous
1,3e(2) 2,5,2,L 1,781} P | 3y Moderately enalogous
1,7e(2) RN . . Highly anslogous
1,zu(2) 1,22, 1) ’ Highly analcgous
3, 20{2) T,5,3,1 = Analogous
T,35(2) 1,2,2,1 Moderately analogous
1,3t(2} 1,2,3,1 Highly analogous
1,3e(2) 1,3,2,1 ! Highly analogous
1,56(2) 2,1,1,1 ¢ Moderately analogous
1,3u(2) 3,1,1,2 b 1,3b(1) 1,3,3,1 3041 Hoderately analogous
= - . 3 n
1,36(2) 2,3,1,1 2 10 3(1) 1330 321 Highly analogcus
1,z6(2) 333.2,1 2 1)30(1) 1,331 3[3] Highly analogous
1,2} 2,2,%,1 PO ?722 -~ ‘Moderately analogous
Pt BTl =t - )
1,5b(2) EINTINC IS 1 F ' Hi analogous
ol X~ i N 7 L FVAE"A nd
1,:0(2) 31.2,0 % Moderately analogous
1,3p(2) ,1,3,5 4 Moderately analogous
1,:k72) 1.2,2,1 ; Moderately analogous
1,5b(2} 1,2,2,1 Moderately analogous
FEPLATR 9 9= gl :
1,-b(2) 2339251 ) Yoderately analogous
{Continued)

liote: The underlined factor clasces shown in the Mekong Delta terrain type column indi-
cate that these factor classes a8lso cceurred as a part of the mobility test course
terrain type to which one comparison was being made, Under the columns headed V
or iV a number-letter-number combinaticn, i.e. 1,3a(1) indicates a hydrologic-
vegetation acsceiation, A four number-letter comtination, i.e. 12,2d,3d,4d indi-
sates vegetation., Two numbers separated by a clant in the approach angle factor of
terrain gecmetry indicate that the approach angle on one side of the terraln type
is in a different clasc range f{rom the approuch angle on the other side,

* V = vegetation.

HV = hydrologic-vepetation association, .
UG = surface geometry.
SC = surface composition, {1 of 3 sheets)
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Table Al (Continued)

Terrain Types

lMekong Delta

Mobility Test Course

V_or HV 5G s V_or HV SG SC
1,7b(2) 1,1,2,1 %)

1,3p(2) 1,2,2,1 5

1,3b§2) 1,2,3.1 2

1,3b(2) 1,3,3,1 3 .

I u(2) 5521 § 1,2a(1) 1,3,3,1 5[5]
1,56(2) 2,2,3,1 2

1,3u(2) 2,3,2,1 2

_l_,”,b(g) 1535252 Q.J

la,2a,xb,4d  1,3,%,1 1)

Ia,2a,7p,hd  1,3,3,1 2

Ta,2a,%0,0d  3,3,1,1 3

1n,22,3b,0d  3,3,2,1 3

Ia,20,3b,0d  1,3,3,T 5

Ta,2b,0,00 1,3,2,1 5

ﬁ,Q&,Bcsl‘d 1,2,2,1 2

Ia,2a,2c,ld  1,3,3,1 2

1a,2a,3c,0d  7,1,1, 3

1n,2a,3c,4d  2,3,2,1 3

Toeasekd LDl 5

E,?a,:‘,c,m l’é’i)g 5

1a,2a,%c,8d  1,3,3,5 5

12:23’33’_74__(1_ 2,2,3,1 3

la,2a,3c,kd 5,1,2,1 32 -
_I_Q,Eb,zc,f_l_ lszﬁi,l‘ 51

Tn,2b,2c,hd  1,3,1,1 & oy .
Tt a2l 3_5 la,2d4,3d,44  1,3,3,1 303)
1a,2b,2c,4d  1,3,3,1 2

Ta,2b,3¢,hd  I,3,3,1 5

E,Eb,?c,ﬁ 1,3,3,% b

Ia,2b,%, 04  I,3,3,1 2

1a,3b,20,00  1,3,3,F 2

Ia,2b,3c,0d 2,2,2,1 3

10,2¢,4d,0d  2,2,2,7 3

W,2¢,3d,hd  2,2,3,I 3

lbv-cai(_i,sr‘—'_d_. 2,3,3,1 2

1i,2c,3c,4d  1,3,3,1 2

1b,2¢,%c,kd  1,3,3,1 3

1b,2b,%b,0d  1,3,3,1 5

1b,2¢,3d,bhd  1,2,2,1 5

]b:aca;ﬁ’m 1,2,2,1 2

11"23!1@’1‘_5 193s31 2

lc,2043c,he 1,3,3,1 5

1C,2C,3C,Bg 1,3,3,1 5_J

1a,2b,3c,bd  1,3,2,1 1

la,2b,3c,bd  1,3,3,1 1

1b,2c,3¢,kd  1,3,2,I I

1v,2¢,3d,0d  1,3,3,1 1 id,2d,3d,4d  1,3,3,1 11}
d.2d,2d,0d T,3,3,17 1

14,2d,24,0d  1,3,3,1 %

Ta,2a,3c,4d  1,3,3,1 1

_Degree of Analogy

(Continued)

Moderately analogous
Moderately analogous
Highly analogous
Highly analogous
Moderately analogous
Moderately analogous
Highly analogous
Moderately analogous

Highly analogous
Highly analocgous
Highly analogous
Moderately analogous
Moderately analogous
Highly analogous
Highly analogous
Highly analogous
Highly analogous
Slightly analogous
Moderately analogous
Highly analogous
Moderately analogous
Moderately analogous
Moderately analogous
Moderately analogous
Moderately analogous
Moderately analogous
Highly analogous
Highly analogous
Highly analogous
Moderately analegous
Highly analcgous
Mcderately analogous
Moderately analogous
Mcderately enaologous
Moderately analogous
Highly analogous
Moderately analogous
Highly analogous
Mcderately analogous
Moderately analogous
Highly analogous
Highly analogous
Moderately analogous
Moderately analogous

Moderately analogous
Highly analogous
Highly analogous
Highly analogous
Analogous

Analogous

Highly anslogous

{2 of 3 sheets)
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Toble Al {Concluded)

Terrain Types

Meko:

ng Delta

Mobility Test Course

V or HV

SG

la,2a,3b,4d
1a,2a,3b,hd
1a,2a,3b,hd
la,2a,3c,hd
la,2a,3c,hd
1a,28,3c¢,hd
la,2a,3c ,HE
la,2a,3b,4d
la 2a,3c,H§
1a,2b,3b,00
1a,2a,§_d_,fﬁ
la,2a,3c,4d
la,2b,3c,id
1a,2b,3¢,4d
1a,2b,3c,kd
1e,2b,3¢,0d
la ?b,3c,IE
1a,2b,3c,hd
1b,2¢,3d,kd
1b 2c,L,le'
1b 2c,g_,125
1o 2c,;3_,

1v,2¢,34d,5d
1b,2c %’_g_.@

1a,2a,3b,4d
la 2a,3b,lﬁ
la 2a,3b,Ha'
la,2a,3b,ﬁ
1a,2a,3b,hd
ia,28,3cC ,IE
1a,2a,3b,4d
la,2b,3c,bd
la,2b,3c,5d
1a,2b,3c ,E

1d,2d,3d,4d
1d 2d,L,rd
e 2d,1_,113
1d 2d,3_,T+E
i 2d,3_,h'&
1d 2d,3_,h3
id 2d,L,Tﬁ
id 2d,l_,55
1d 2d,L,KE
1d 2d,3_,lﬁ
id 2d,3__,

14,2d,3d,5d

14,2d,3d,4d
1d 2d,3_,1471
1d,2d,3d,0d
1d 2d,3__,13"
1d,2d,3d,5d
lﬁsgiﬁgi»ua
14,2d, 34,54
1d,24,3d,5d
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V or HV SG

5C

Degree of Anslogy

> 1d,2d,3d,4a 1,3,3,1

> 14,24,3d,4d  2,2/3,3,3

1,3,3%*

) 14,2d,3d,%d
1d,24,3d,4d 1,3,3%*

3/1,3,3%*

? 1d,24,3d,4d
1d,2d,3d,4d  3,3,3%*

L(5]

{1}

172]
3[2]

2[2]
1[1]

Moderately analogous
Highly analogous
Moderately anslogous
Moderately analogous
Highly analogous
Mcderately analogous
Slightly anslogous
Slightly analogous
5lightly analogous
Slightly analogous
Slightly analogous
Slightly analogous
Highly analogous
Moderately analogous
Slightly analogous
Moderately analogous
Slightly analogous
Slightly analogous
Moderately analogous
.Highly analogous
Moderately analocgous
Highly analogous
Highly analogous
Moderately analogous

Moderately analogous
Slightly analogous
Slightly analogous
Slightly analogous
Moderately analogous
Slightly analogous
Slightly analogous
Slightly analogous
Moderately analogous
Slightly analogous

Highly analogous
Highly analogous
Highly analogous
Highly analogous
Highly analogous
Ana) ogous
Moderately analogous
Modzrately analogous
Moderately analogous
Highly analogous
Highly analogous
Highly analogous

Highly analcgous
Highly analogous
Highly analogous
Highly analogous
Highly analogous
Highly analogous
Highly analogous
Analogous

#% Hydrologic geometry factor classes.

{3 of 3 sheets)
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APFEIDIX RB: CIL FROFILE DESCRIPTIONS ALONG

S
MCEILITY TEST COURSES

Deptk
Station in. Description

Bayou du Large, la., Mobility Course 1

U+00 to 1+02 0-5 Light brown mostly organic material with small
amount of clay: pencil-size roots in abundance
with some small roots and fibers

£-20 Highly organic clay, brown, with an abundance of
small roots and fibers

20-3% C(rganic clay, aray, with a few fibers

1+02 to c+h41 C-% Licht brown mostly organic material with some clay;
pencil-size roots with some small roots and fibers

5=1T7 "Highly organic clay, brown, with an abundance of
small rcots and. fibers

17-3% Organic clay, gray, with a few fibers

c+hl to 7+42 0-5 Brownish fine roots and fibers and some pencil-size
roots; considerable amount of organic clay

5-14 Gray organic clay with a considerable amount of fine
roots; no pencil-size roots

14-22 Gray clay with some fine roots
22-36 Gray clay mottled with brown
7+42 to 8+55 0-6 Organic clay, brown, with an abundance of fine roots
and fibers; some pencil-size roots
6-14 Organic clay, gray, with some fine roots
14-32 Organic clay, gray, with few fine roots
32-36 Gray clay mottled with brown

8+55 to G+23 0-2 Gray clay mixed with an abundance of fine roots; one
or two roots of pencll size

3-24 Gray clay with several fine roots
24-36 Gray clay mottled with brown; no roots

(Continued)
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Station

Depth
in.

Description

0+23 to water

Bayou du Large, La., Mobility Course 1 (Continued)

to 13+27

13+27 to 15+k49

15+49 to

16+60 to 19+80

0+00 to

O+77 to

2+09 to

2+52 to

L+53 to

16+60 -

O+77

2+09

2+52

L+53

o+23

0-13

13-36

0-10
10~36

0-8

8-27
27-36

Gray clay mottled with brown; some orgsnic material

Gray clay mottled with brown

Brown, highly organic cluy with an abundance of
small roots and fibers

Gray organic clay with a few small roots and fibers

Brown organic clay with a few small roots and fibers

Gray clay with some organic materiael

Light brcwn mostly organic material with small
amount of clay; densely packed, abundant, pencil-
size roots with some small roots and fibers

Brown organic clay with sure small roots and fibers
Gray clay with slight amount of organic material .

Bayou du Large, la., Mobility Course 2

0-5

5-13
13-36

0-5

5-36

0-36

Water

0-36

Brown organic material with small amount of clay;
densely packed mixture of pencil-size and smaller
roots and fibers

Brown organic clay with some small fibers
Gray clay with small amount of organic material

Brown organic material with some clay; densely
packed small roots and fibers

Gray clay with some organic material

Gray clay; no vegetation

Gray clay mottled with brown
(Continued)
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Depth

Station in. Description
Bayou du large, la., Mobility Course 2 (Continued)
5+23 to 5+85 0-36 Gray cley
5+3% to 7+85 0-3 _ Brown orzanic material with séme clay; abundance of
roots and fibers
2-3¢ Blue-gray clay mottled with brown
» Minors Canal, La., Mobility Course 3
0+00 to 2+61 Water Covered with mass of floating 1lily pads. Highly
organic muck under water
2+61 to 5+10 0-7 Dark brown highly organic material with small amount
of clay; numerous small roots and fibers
7-30 Light brown highly organic material with smell
amount of clay; numerous small roots and fibers
30-36 Dark brown fibrous muck with very little clay
5+10 to 5+5k4 0-7 Medium brown clay with some fine roots and fibers
7-15 Dark brown clay with numerous fine roots and fibers
15-36 Medium brown clay with numercus fine roots and
fibers
5+54 to 6+59 Water
6+59 to 6+92 0-9 Brown organic clay with some roots and fibers
9-18 Dark brown mostly organic material with scme clay;
numercus roots and fibers
18-36 Brown mostly orgenic material with some clay;
numerous small roots and fibers
6+92 to 9+03 0-12 Brown highly organic clay; mimerous small roots and
fivers
12-25 Medium brown highly organic clay with numerous smeall

rocts and fibers
(Continued)
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Station

Depth

1Il.

Description

Minors Canal, la., Mobility Course 3 (Continued)

£+92 to 9403

(Continued )

9+03 to 10+26

0+00 to 1+67

1+67 to 2+6k4

2+6L to 3+52

3+52 to 5+17

5+17 to 6+43

25-3

3%

Light
B Jele

brown highly organic clay with numerous small
cots

and fibers

Dark brown highly organic material with some clay:
rumerous small roots and fibers

Iight brown highly organic material with small
amcunt of clay; numerous small roots and fibers

Dark brown fibrous organic muck

Gray clay with some organic material

Morgan Island, La., Mobility Course 4

0-36

0-9
9-14
14-36

0-4
k-15
15-25

25-36

3-13

13=36

0-15
15-36

Light gray clay with traces of sand

Reddish brown clay
Gray clay, mottled with reddish brown

Gray clay, mottled with reddish brown, with some
fine sand

Reddish brown clay with a few small roots

Reddish brown clay

Gray clay, mottled with reddish brown, with fine
sand

Gray clay

Gray clay, mottled reddish brown, with some fine
fibers

Gray clay, mottled with reddish brown with few fine
fibers .

Gray clay

Grayish brown cley

Grayish brown clay with small amount of orgenic
fibers
(Continued)
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Depth:
Station in. Description

Morgan Island, La., Mobility Course 4 (Continued)

[rr .,

(+42 to 7+55 0-5 Light brown clay with some fibers
' 1% “Gray clay with some fine fibers
13-3% Gray clay with abundant fibers
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13 ABSTRACT " Tests were conducted at four riverine sites in south Louisiana in Hovember
1969 to evaluate the performance of the Riverine Utility Craft {RUC). The RUC is an
amphibian that employs a locomotion concept based on the Archimedenp screw. It moves by
two counterrotating rotors that rive forward and backward thru$t; the rotors also serve
to float the craft. The RIC is powered by two 380-hp engines and is designed to carry

a payload of 2000 lb; the gross weight of the RUC is 13,000 1b, Specific purposes of
the testc were to (a) develop performance-soil strength (rating cone index) relations in
terms of maximum straight-line speed, maximum maneuver speed, and minimum time required
to turn 130 deg, (b) determine water-exit capabilities, (&)} determine the speed attnined
in a variety of test courses and terrain types commonly found in wetland marshes, and
(d) determine *the degree of analogy of the terrain types tested with terrain types nt
selented areas of the Mekong Delta, South Vietnam., The specific purposes of the test
program were satisfied. Test results Indicnte that, in general, the RUC can operste in
the riverine environments for which 1t was desipned. The craft's performance is most
effective in water nnd wet marchesz of‘}cw soll stren;sth, The RUC also has a performance
capability in areus considered restrictive or even inaccessible to boats and other am-
hibious eraft. Appendix A discucses the comparison of terrain Lypes tested during the
1C program with those identified in selected areas of the Mekong Delta. Appendix B

presents detniled descriptions of soil profiles along the Loulsiana test courses. <
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